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1.0 INTRODULCTION

This is thc second jetter progress and status report for the Dual
Mode NERVA Applications Study and covers activities for the period
January 1 to 15, 1972,

2.0 REFERENCES

(a) TRW Progress and Status Report No. 1 (DMNAS-71-16) of 6 January
1972.

3.0 GENERAL

3.1 The Reference (a) report was prenared and sutmitted to MASA/MSTC

3.2 The first TRU/ANSC Technicai Coordination meeting was held at TRW
Systems on 11 January 1972 and reported in ANSC Raport N2010:063 of

13 January 1982, Significant techrical corclusions are diccucced in

- ———— -

Section 4 of this report.
4.0 PROGRESS

4.1 Mission Aralysis (Task 1)

Work is continuing on compiling the data for the mission velocity
requirements. The velocity increments for earth orbital transfer and
to accomplish plane changes at various orbital altitudes are summarized
in Tables 1 to 3. Similar data has bazen generated for the lunar
transfer velocity requirements ( Table 4). In addition, mission velocity
requirements have been determined for the inner planets Mercury and Venus
(Table 5) and the outer planets Mars (including Phobos and Deirios) Jupiter
(including Callisto) and Saturn (Table 6). Finally, data for velocity
requirements for ballistic probes (solar and inner planetary and outer
planetary regions) has also been generated (Figures 1 to 7). A four



DMNAS-72-3
Page 2

planet grand tour mission is outlined in Table 7. This is preliminary data
which is being reviewed and checked, and will ultimat..y be used to deter-
mine payload capabilities for the various synthesized missions.

The baseline NERVA stage characteristics have been revised to reflect
the latest data available and this has teen surmarized in Tables 8 and 9.
Utilizing thase characteristics data was prepared for various oropulsion
modules varying in size from 4 propellant modules (tandem stacking) to
28 oropellant modules. Figures 8, and 10 to 14 depict this data. A typical
geosychronous shuttle mission is shown in Table 19.

Figure 7 depicts initial vehicie weight and injected payload data
for the 4 precpellant module vehicles including leave earth gravity
losses. Similar data is in preparation for tne cther vehicles. The
gravity loss factors being used are sSown in Figures 15, 1€, and 17.
The data presented in these figures were generated using the (mndified)
Rapid Analytic Trajectory Simulation (RATS) program. The burn arc for
the first thrusting maneuver was controlled by terminating the thrust
period on a preselected value of true anomaly of the first elliptic
(generatod by the first burn}. Subsequeni .nrusting periods were initiated
at a negative true anomaiy with thrustin§ to an equal position value of
true anomaly of the elliptic (or hyperbola) generated in the same
thrusting pericd. The third thrust period was generated in the same
way as the second. In this manner near symmetry about the periapsis
point wes maintained during the thrusting period. The thrust pointing
directors were maintained in the initial velocity vector direction.

No attempt was made to optimize the length of the burn arc for
muitiple burn cases. Thrust pericds were determined such that tae
second to last burn did not generate hyperbolic velocities.

The FL factor data for the single burn, 2 burn and 3 burn cases
are based on the ratio of ideal delta velocity (AVID) to actual delta
velocity (AVa), where the AVID was calculated assuming a fixed specific
impulse and constant thrust (constant mass flow rate) for the burn
period. The ordinate of the plots represents AVa, and the parameter
is thrust to weight ratio.
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In orﬁer to interpret what the curves reprasent, consider the
following: The actual velocity (ava) gained for a fixed thrust period,
At, will be less than the ideal velocity (AVID) gained for the same
period. In other words, At seconds of thrust are required to generate
AVID,‘but the real velocity added is only AVa. Now if the actual
velocity is plotted versus the ratio aVID/cVa, it can be interpreted
as (mission) required velocity versus tie ratio of (actual velocity
i iput needed)/{mission required velocity). Thus an ordinate vaiLe
multiplied by an obscissa value represents the velocity the system must
generate to satisfy the requirements.

These gravity loss factors will be used to generate the other payload/
initial vehicle weight data which will include gravity losses for the
range of oropellant modules under consideration. By utilizing these
curves it is planned to synthesize vehicle performance curves for the
significant earth corbital and lunar trarnsfer missions. These curves
will depict returned payload versus delivered payload for various number
of propellant modules and will include the effects of gravity losses
for certain of the configurations. It will be assumed that these
vehicles will be reusable (no staging) since this appears to be the most
cost effcctive approach for the currently envisioned earth orbital and
lunar shuttie missions. In a similar fashion, this data is being
compiled for inner and outer planet missions. For selected missions the
payload capability for various vehicle configurations is being determined.
However, in these cases both "continuous staging" and "no staging during
burn but before arrival at planet" are being considered.

Payload synthesis has been initiated and several typical classes
are being considered. These include:

1 Orbiter Class

] Side looking radar (for heavy atmosphere planets)
0 Imaging and related data rate (i.e., radar altimeter)
0 Probes
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IT Sample Return Class

o Sample gatherer
0 Requires return stage
0 Consider Calliste, Deimos, Mars, Asteroids

III Manned Mars Class

0 Synthesize all required subsystems for Mars manned
landing and return

IV  Lunar Class

Initial transportation of manned lunar base
Luriar logistic resupply
Unmanned roving vehicle for surface exploration

o O O ©

Orbiting Lunar station support

vV Ea-th Orbit Class

-

0 Low altitude space station energy stage

0 Low altitude to geosynchronous orbit transfer of
scientific payicad

0 Cthers

A preliminary assessment of typical payloads that could be synthesized
for unmanned missions are listed in Table 11.

Data for these typical payloads is being compiled so that weight and
electrical and/or thermal energy requirements can be established. As
soon as this has been completed, efforts will be directed towards
establishing Dual Mode NERVA applications that are payload oriented.

The mission velocity reauirements for a geosynchrcrous mission are pre-
sented in Table 10. This mission profile is similar to the profile used by
MDAC in their Phase III Study and also used in preparing the Mission Plan-
ning Handbook. Vehicle performance for various numbers of propellant mod-
ules is shown in Figure 18. This figure presents the returned payload as a
function of delivered payload for vehicles consisting of 4 to 22 propellant
modules. Return payload is defined as the totzl payload atove the RNS on
the descent leg of the mission, while delivered payload is the total payload
on the ascent leg of the mission. The performance is shown for a constant



o

DMNAS-72-3

Page 5
specific impulse of 825 sec for each burn, no gravity losses and no after-
cooling propellant utilization. The effect of variations in specific im-
Fulse for each burn, gravity losses, and aftercocling will be evaluated
during the next reporting period. For comparison purposes, the performance
of an eicht propellant module vehicle presented in MDAC Phase III Study is
also shown in Figure 18. The difference in performance is due to differences
in inert vehicle weight, specific impulse variations for each burn, and
aftercooling prcpellant utilization. As can be seen, these parameters can
reduce the payload capabiiity by about 35 percent.

4.2 Dual Mode Applications Systems Evaluation {Task 2)

A meeting was held with ANSC and WANL on 11 January 1972 to review
the preliminary list of Dual Mode System Applications (Table 1 of
Reference a). It was agreed that the cooldowr propeilant reduction
application (Items 8 and 9j and those applications associated with tank
pressurization, bciloff conservation and engine chilldown or conditioning
(Items1, 2. 3, and i1) had merit for significant weight savings and would
require electric power for their implementation. It was pointed out that
all the engine electrical actuators are currently designed to meet
stringent reliability requirements (i.e. >R=0.9999) and hence considering
an improvement in this area by using oversize actuators would be of
marginal benefit to the stage. Hence, it was mutually agreed to eliminate
jtem 4 of Table 1 of Reference (a).

The analyses for the use of the high temperature and low temperature
radiators to reduce afterburning cooidown propellants is being extended
at the recormmendation of ANSC to include the following:

(a) A low temperature radiator specific weight of 0.5 1b/ft2.
(b) A high temperature radiator specific weight of 3.0 1b/ft2.

(c) Overdriving of the low temperature radiator to 660°R during
the initial cooldown period.

(d) Cooldown of the reactor to values below ZOOKwt.

Analyses have been initiated to evaluate the use of propellant
module boost pumps as a pctential Dual Mede appiication. This approach
would permit reduction of the maximum required tank pressure (i.e. from
30 psia to approximately 15 psia) and a potential weight saving with
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respect to both gas pressurant weight ard tank structural weight. The
use of the boost pump for the propellant destratification and chilldown
applications is also under consideration.

As may be noted, the initial emphasis in this task has been towards
engine related Dual Mode applications. This was done since considerable
data was available on the engine subsystems. It is anticipated that
payload oriented applications will be initiated as soon as definitive
payload characteristic information becomes available from Task 1.

5.0 PLANNED ACTIVITIES FOR THE NEXT REPORTING PERIOD

5.1 The paylvad characteristics for the unmanned missions (subtasks 1.1-2
and 1.2-2) will be finalized. Data will then be available to permit
initial screening of candidate Dual Mode systems to be conducted. This will
also permit the synthesis of the required vehicle performance for these
selected missions.

5.2 The payload data for thec inner and outer planet missions fer varisus
vehicle configurations (subtasks 1.1-1 and 1.2-1) will be completed.
Initial screening of currcnt and new missions (subtasks 1.1-3 and 1.2-3)
will be conductad.

5.3 The work pertaining to the Dual Mode applications (subtasks 2.1-1,
2.1-2 and 2.2-2) pertaining to aftercooling propellant consumption
reduction will be finalized and include the ANSC recommended changes in
parameters. In addition, the applicatiors pertaining to the pressurization,
chilldown, and reliquefication applications will be continued. The work
pertaining to the vehicle and payload applications will continue with
the preparation of additional parametric data for the alternate power
systems (i.e., nuclear dynamic and nuclear static systems) for use in
comparison with the Dual Mode systems. An initial assessment &s to the
desirable electric power range for the Dual Mode system as it applies to
the unmanned payload characteristics will aiso be made.
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6.0 PROGRAM SCHEDULE

6.1 The status of the work completed is shown on the Task Progress

Repori Schedule (Attachment I). The definition of payload characteristics
has been a pacing study item. However, now that the mission requirements
and vehicle payload capabilities have been very nearly completed,
considerable effort is being expended in this area. Hence, at this

time there does not appear to be any significant problem which would
preclude completion of Tasks 1 and 2 with the designated milestone

date (30 March 1972).

6.2 The cumulative manhours for thic study are shown on Attachment II.
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1971 1972
DECEMIER | JANUARY | FERRUARY  mARCH | AZRIL MAY  © JUNE WY 1 AJGUST
+
]
TAK | - mISSICN ASNALYSIS i N
SUBTASK 1, =f CUBIEAT mISSION RECIREMENTS =] ! !
1.152 PAYLCAD CHARACIERISTICS | !
1.1-3 INITIAL SCREENING i ' '
1.04 CANDIDATE CUZENT MISS'ONS : X ‘ .
1.1-5 SUMMARY CHART - i
SUBTASK 1.2-0 S+ AIMESITE NN MISSIONS 2 | ' ! \
12:2 PAYLOAG CHARACTERISTICS ! . | !
1.2-3 1PATIAL SCREENING — 3 !
1.2-4 CANDINATE NEW Mi%5TONS [ ] ! ] |
1 2-5 SUMMARY CrART e | | !
SUBTASK 13- CONDICT TRADE-OFF5 = i
1.3:2 ESTARLISH COMMONALITY (o] H
1 3-3 CATEGCRIZE AND PPIORITIZE MISSIONS [ e |
1 34 SECECT BATELINE MISSIONS ' i —
TASK 2 - DUAL MODE APPLICATIONS i |
RNTAK 2.1-1 CANNDATE D.M. APPL CATIONS Cum———D i f
2.1 CANDICATE ALTESSIATE APPLICATIONS sy | !
2 1-3 D M. NERVA STAGE CONFIG ARATIONS s | i i
2.14 ALT P P STAGE SONFIC JRATIONS — | i
SUBTASK 2 2-1 COMPARISON CHAR'S c————] '
2.2:2 PARAMLTRIC Cufves '
2.2-1 SLMMARY Chall OF O M. AtT. APPUICATIONS I 3 ;
SUBTASK 2 3-1 COMPENITIVE PEAFJRWANGE MANGF 3 |
2.3-2 TOMMONALITY AND PIRFCRMANCE ENHANCEMENT = \
2.3-3 SELECT SASELINE WSFEREAICE Do SYSTEM I =
TASK 3 - SYSTEM ANALYSIS - JEF  DNGAL MODE SYETEM
SUBTASK 3 1-1 PRELIMINARY SPECIFICATION =
3.1-2 PREL. CONCEPTUAL DESIGN — i
1.1-3 VEMICLE CONCEPTUAL DESIGNS ——
SUBTASK 3.2-1 D.m. "rSTEM PERE. "DESIGN REQUIREMENTS ==
3.2-2 D M. SYSTEM NERVA INTERMACES c—
1.2- MF. DM, SYSTEM OPERATIONS CONSTRAINTS =
3.24 RF. Do SYSTEM DEVELOPMENT CONSTRAINTS c—
3.2-3 PEF. D.M SYITEM OPERATICNS ANALYSIS | | svomma
3.2 REF. D.M. SYSTEM DEVELOPMENT PLAN H —
SUBTASK 3.3-1 SLAMARY CHAZT ON MILJION EFFECTIVENESS ! "
3.3-2 ITERAZE DEVELOPMEN" PLAN =
3 3-3 REF. DM SYSTEM SUMMARY CHART { =3
SUBTASK 3.4-1 SUMMARY OF D.M. SYSTEM DEVELOPMENT REQTS, —/
3 4-2 SUMMARY OF D M. 5TAGE DEVELOPMENT REQTS. ] = !
3.4-0 SAT RECOMMENDATIONS | I :' i
TASK 4 STUDY MAN AGEMENT — =
NASA/MSFC ORENTATION SRIEFING 'y |
TECHNICAL REVIEW - BASELINE 5YS. 3 |
MID-TERM BIEFING
FINAL BRIEFING T A
SEMI-MONTRLY LETTERS A Ao S DL AL &L A ;
FINAL REPORT (VCL5 4, 1, 0D : t
o ROUGH DRAFT X
o MSFC REVIEW COMPLETE ! = |
o FINAL I5PORT COMPLETE i =
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Table 10. Geosynchronous Shuttle Mission Velocity Requirements
(MDAC Mission Profile)

Ideal Velocity
Maneuver (fps)

Leave 260 nmi orbit
(1nject into 260 by 19,324 nmi transfer 7885

ellipse - orbital plane change 2.4°)

Midcourse correction(s) 50

Circularize trarsfer orbit at 19,324 6014
and orbital plane change 29.1°

Deorbit from geosynchronous orbit
(Inject into 260 by 19,324 transfer Eoll
ellipse - orbital plane change 29.1°)

Midcourse correction(s) 50

Circularize transfer at 260 nmi

- orbital plane change 2.4° 7885
Total 27,898
Yable 11. Potential Unmanned Payloads
Planet Payload Components
Gas giant planets (Jupiter, Side looking radar, imaging, probes
Saturn, Uranus, Neptune
Yerus and Mercury Imaging
Moons of Jupiter Side looking radar, imaging, probes
and sample return
Mars Imaging and sample return

Moons of Mars (Phobos, Deimos) Imaging and sample return

Comcts and asteroids Sample return and imaging
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Velocity Required for Ballistic Solar and Inner Planetary Probes
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